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httpcense.Abstract Two ﬁeld experiments were conducted in the experimental station farm, faculty of agricul-
ture, Ain Shams University at Shalakan, Kalubia Governorate, during the two growing seasons, i.e.
2009 and 2010, to investigate the response of growth and forage yield production of pearl millet cv.
Shandaweel 1 to nitrogen fertilization rates and cutting height above the soil surface. Four nitrogen
rates as ammonium nitrate (33.5%N), 0, 30, 45, and 60 kg N/fed, were arranged in the main plots
and two levels of cutting heights (10 and 20 cm above the soil surface) in the subplot with four rep-
licates in split-plot design. In the second season, nitrogen application increased up to 75 kg N/fed.
The main results were as follows: Signiﬁcant increases were appeared in plant height (cm), number
of tillers/m2, number of leaves/m2, and leaf area index during the two growing seasons as nitrogen
fertilization rates increased except at the third cut in the ﬁrst season for plant height (cm) and number
of tillers/m2, the ﬁrst and second cuts of the ﬁrst season for number of leaves/m2 and at the third cut
during the ﬁrst season of study for leaf area index, while leaf/stem ratio was not affected signiﬁcantly
during the two growing seasons. Green forage yield/fed was signiﬁcantly increased as nitrogen appli-
cation rates increased during the two growing seasons except at the third cut of the ﬁrst season of
study. Increasing nitrogen fertilization rates up to 75 kg N/fed caused signiﬁcant increases in dry for-
age yield during the three collected cuts in the second season of study and the second cut during the
ﬁrst season of study as well as in the combined results. Plant height (cm) was signiﬁcantly affected as
cutting height above the soil surface increased in the second cut (2009) and the ﬁrst cut (2010) where
plant height increased at 10 cm as cutting height than at 20 cm above the soil surface. Signiﬁcant dif-
ferences were appeared in number of tillers/m2 as cutting height varied from 10 to 20 cm in the two
studied seasons. The highest cut of number of tillers/m2 was scored at 20 cm cutting height than those09294652.
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154 M.G. Shahin et al.at 10 cm in the second and third cuts during the two growing seasons. A number of leaves/m2 as well
as leaf area index were inﬂuenced signiﬁcantly as cutting height increased during the two growing
seasons except in the second and third cuts during 2009 or the third cut during 2010 for number
of leaves/m2 and in the second cut of the ﬁrst season (2009) and the third cut during 2010 for leaf
area index. Signiﬁcant effects were noticed in leaf/stem ratio as cutting height differed in the second
or third cut in 2009 and in the three collected cuts in combined analysis. Green forage yield, dry for-
age yield/feddan increase signiﬁcantly as cutting height differed during the two growing seasons as
well as the combined results except in the ﬁrst cut during the ﬁrst season of study for dry forage yield.
Green forage yield as well as dry forage yield was signiﬁcantly affected by the interaction between
nitrogen fertilization rates and cutting height, where the highest yield was detected with adding
60–75 kg N/fed and 20 cm as cutting height (30.7 ton/fed).
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
In Egypt, one of the most important problems for animal pro-
duction is the reduction in forage crops productivity during the
summer season. So, increasing forage crop productivity per
unit area during the summer season or/and increasing the cul-
tivated area of summer forage crops especially in the newly re-
claimed lands become the back bone to solve this problem.
Pearl millet is a summer forage crop which can be cultivated
in the newly reclaimed lands to overcome this problem. To in-
crease the forage production of pearl millet, it depends on
many factors as mineral nutrition, soil fertility, sowing data,
cutting height, etc.
Increasing nitrogen fertilization rates caused signiﬁcant ef-
fect in many growth attributes of pearl millet as well as forage
yield such as plant height at the rate of 80 kg N/ha (El-tilib
et al., 2006), 90 kg N/fed (El-Houssini and Nasser, 1998;
Manohar et al., 1991; Lakhana et al., 2005), 100 kg N/ha,
(Puri and Tiwana, 2005), and 180 kg N/ha (Ayub et al.,
2009) and (Pathan et al., 2010), number of tillers at 80 kg N/
ha (Verna et al., 2006), 90 kg N/ha (Lakhana et al., 2005 and
Pathan and Bhilare, 2009), 100 kg N/ha (Pathan et al., 2010),
180 kg N/ha (Mesquita and Pinto, 2000), and 470 kg N/ha
(Jinxing et al., 1998), number of leaves at rates of 90 kg N/
fed (El-Houssini and Nasser, 1998), 100–180 kg N/ha (Puri
and Tiwana, 2005; Ayub et al., 2007, 2009), at rate of
80 kg N/ha (Bacci et al., 1999; Kathju et al., 2001); 90 kg N/
ha (Lakhana et al., 2005; El-tilib et al., 2006), 180 kg N/ha
(Ayub et al., 2009) and 300 kg N/ha (Myandoab et al.,
2011), leaf/stem ratio at rate of 90 kg N/fed (Hassan et al.,
2008), 135 kg/ha (Habib et al., 2007) and 300 kg N/ha (Piri
and Tavassoli, 2012).
Green forage yield of pearl millet was at rates 120 kg N/fed
(Mousa, 1991), 90–100 kg N/ha (Sharma et al., 1999; Manohar
et al., 1991; Tiwana et al., 2003) and 180 kg/ha (Ayub et al.,
2009), and dry matter yield was at the rate of 90 kg N/fed
(El-Houssini and Nasser, 1998); 90–120 kg N/ha (Tiwana
et al., 2003; Lakhana et al., 2005; Puri and Tiwana, 2005;
Hegde et al., 2006; Bhilare et al., 2010) and 180 kg N/ha (Ayub
et al., 2009).
Growth attributes of some summer forage crops were inﬂu-
enced by cutting height above the soil surface such as plantheight of pearl millet at 15–30 cm (El-Houssini and Nasser,
1998), number of tillers (Koraiem et al., 1983), and leaf area
index (El-Houssini and Nasser, 1998).
Forage yield (green or dry) of some summer crops
inﬂuenced by cutting height above the soil surface (Creel and
Fribourg, 1981) in sorghum (Koraiem et al., 1983 and
El-Houssini and Nasser, 1998) and in pearl millet.Materials and methods
Two ﬁeld experiments were carried out during the two grow-
ing seasons; 2009 and 2010 at Shalakan Experimental Farm,
Kalubia Governorate, Egypt, to study the response of growth
and forage yield production of pearl millet to four treatments
of nitrogen application (0, 30, 45, and 60 kg/fed) besides
75 kg N/fed at the second season of study only and two cut-
ting height (10 and 20 cm) above the soil surface. Nitrogen
fertilizer rates were applied in the form of ammonium nitrate
(33.5%N) in three equal portions. The ﬁrst portion was
added at 7 days from sowing just before irrigation, the second
portion was added after the ﬁrst cut just before irrigation, i.e.
105 days from sowing, and the third portion was added after
the second cut just before irrigation, i.e. 140 days from
sowing.
Pearl millet grains cv. Shandaweel 1 were sown on 15th
May and 22nd May in the ﬁrst and second seasons, respec-
tively. The recommended cultural practices were followed as
followed in Kalubia Governorate.
Data of growth attributes, i.e. plant height (cm), number of
tillers/m2, number of leaves/m2, leaf area index, leaf/stem ratio,
and forage yield as green and dry (ton/fed), were recorded just
before the three cuts.
Statistical analysis
Treatments were arranged in split-plot design in four replicates
where nitrogen fertilization rates were in the main plots while
cutting height in the subplot. The subplot area
was 15 m2. Data obtained were statistically analyzed, and
combined analysis of variance for the two seasons
was practiced as mentioned by (Snedecer and Cochran, 1967).
Table 1 Effect of nitrogen fertilization rates (N) and cutting height (C) on plant height (cm) of pearl millet during the two growing
seasons; 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut
10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 105.74 100.65 103.20 76.35 87.48 81.92 74.97 69.09 72.03
30 116.67 107.26 111.97 105.06 98.54 101.80 77.90 75.46 76.68
45 120.30 111.92 116.11 111.50 103.28 107.39 81.41 78.42 79.92
60 127.15 120.73 123.94 139.13 104.67 121.90 88.90 71.94 80.42
Mean 117.47 110.14 108.01 98.49 80.80 73.73
LSD 5%
N 12.02 15.45 n.s.
C n.s. 6.22 n.s.
N \ C n.s. 12.45 n.s.
Season 2010
Zero 73.40 63.88 68.64 76.45 70.75 73.60 64.70 63.8 64.25
30 81.00 80.88 80.94 74.70 70.15 72.43 70.10 68.03 69.07
45 106.95 95.35 101.15 96.60 88.78 92.69 88.82 87.97 88.40
60 112.15 103.80 107.98 102.90 97.55 100.23 96.20 85.53 90.87
75 142.98 111.95 127.47 114.70 101.35 108.03 88.05 87.88 87.97
Mean 103.30 91.17 93.07 85.72 81.57 78.64
LSD 5%
N 11.32 12.48 9.26
C 7.04 5.04 n.s.
N \ C n.s. n.s. n.s.
Combined results
Zero 89.57 82.27 85.92 76.40 79.12 77.76 69.84 66.45 68.14
30 98.84 94.07 96.45 89.88 84.35 87.11 74.00 71.75 72.87
45 113.63 103.64 108.63 104.05 96.03 100.04 85.12 83.20 84.16
60 119.65 112.27 115.96 121.02 101.11 111.06 92.55 78.74 85.64
75 142.98 111.95 127.47 114.70 101.35 108.03 88.05 87.88 87.97
Mean 112.93 100.84 101.21 92.39 81.91 77.6
LSD 5%
N 5.97 6.63 5.11
C 4.13 3.00 n.s.
N \ C 8.44 n.s. n.s.
n.s. = nonsigniﬁcant.
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Growth study
Plant height
Data presented in Table 1 reveal that plant height was af-
fected signiﬁcantly by the application of nitrogen fertilization.
These results were fairly true in two growing seasons; 2009
and 2010 and combined results except in the third cut of
the ﬁrst season only. With increasing nitrogen fertilization
rates, plant height increased either in 2009 or 2010 and com-
bined analysis except in the third cut of the second season or/
and second cut in combined results with adding 75 kg N/fed.
These results may be due to the effect of nitrogen fertilization
in pushing growth of pearl millet and the increments in inter-
node length or/and number of internodes. Similar trend was
reported by Ayub et al. (2009), El-Sarag and Abu Hashem
(2009) and Pathan et al. (2010).Plant height was affected signiﬁcantly by cutting height in
the second cut of the ﬁrst season or in the ﬁrst and second cuts
of the second season and in the combined results. Plant height
was taller at 10 cm cutting height than at 20 cm. The depres-
sion in plant height at 20 cm as cutting height than those of
10 cm may be due the part of stems remained in the soil sur-
face. These observations were attended by Koraiem et al.
(1983) and El-Houssini and Nasser (1998).
Data in Table 1 reveal that plant height was not affected
signiﬁcantly by the interaction between nitrogen fertilization
rates and cutting heights in the two studied seasons as well
as in the combined analysis in the three cuts except in the sec-
ond cut during the ﬁrst season and the ﬁrst cut in the combined
results.
Number of tillers
Data in Table 2 indicate that nitrogen fertilization rates
showed signiﬁcant effect on number of tillers/m2 of pearl millet
Table 2 Effect of nitrogen fertilization rates (N) and cutting height (C) on number of tillers/m2 of pearl millet during the two growing
seasons; 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut
10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 128.65 107.50 118.08 58.50 71.00 64.75 53.75 57.75 55.75
30 138.50 107.50 123.00 70.75 77.32 74.04 53.00 57.00 55.00
45 161.25 141.75 151.50 80.50 87.67 84.09 59.65 61.33 60.49
60 138.65 124.25 131.45 76.00 89.00 82.50 61.38 63.75 62.57
Mean 141.76 120.25 71.44 81.25 56.95 59.96
LSD 5%
N 15.77 10.69 n.s.
C n.s. 9.26 n.s.
N \ C n.s. n.s. n.s.
Season 2010
Zero 88.50 68.00 78.25 48.75 70.50 59.63 43.75 74.00 58.88
30 131.75 130.25 131.00 72.50 91.25 81.88 58.25 64.50 61.38
45 241.50 215.50 228.50 82.50 112.50 97.50 93.75 122.75 108.25
60 243.75 126.75 185.25 79.25 118.50 98.88 90.50 98.25 94.38
75 188.65 175.25 181.95 117.00 130.25 123.63 94.00 108.75 101.38
Mean 178.83 143.15 80.00 104.60 76.05 93.65
LSD 5%
N 65.47 32.03 23.90
C 29.73 16.80 8.89
N \ C n.s. n.s. n.s.
Combined results
Zero 108.58 87.75 98.16 53.63 70.75 62.19 48.75 65.88 57.31
30 135.13 118.88 127.00 71.63 84.29 77.96 55.63 60.75 58.19
45 201.38 178.63 190.00 81.50 100.09 90.79 76.70 92.04 84.37
60 191.20 125.50 158.35 77.63 103.75 90.69 75.94 81.00 78.47
75 188.65 175.25 181.95 117.00 130.25 123.63 94.00 108.75 101.38
Mean 164.99 137.20 80.28 97.82 70.20 81.68
LSD 5%
N 31.71 17.73 12.95
C 13.49 9.18 5.60
N \ C n.s. n.s. n.s.
n.s. = nonsigniﬁcant.
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seasons; 2009 and 2010 and the combined results in the three
studied cuts, except in the third cut during the ﬁrst season of
study. With increasing nitrogen fertilization rates from zero
up to 45 kg N/fed, number of tillers/m2 increased and then de-
creased as nitrogen fertilization increased up to 60 or 75 kg N/
fed. These results may be regarded to nitrogen effect in increas-
ing number of tillers/plant. These results are in agreement with
those obtained by Mesquita and Pinto (2000) and Pathan et al.
(2010).
Cutting height showed signiﬁcant effect in number of til-
lers/m2 as shown in Table 2 such affected was noticed in the
two growing seasons and their combined results, except the
ﬁrst and third cuts in 2009. Plants which cut at 20 cm from
the soil surface scored the highest number of tillers/m2 than
those cut at 10 cm from the soil surface in the second and
third cuts in the two growing seasons as well as combinedresults. The reduction in number of tiller/m2 at 20 cm cut-
ting height treatment may be due to the reduction in num-
ber of buds which caused tiller formation. These ﬁndings
are in harmony with those obtained by Koraiem et al.
(1983).
Data presented in Table 2 show that the number of tillers/
m2 was not signiﬁcantly affected by the interaction between
nitrogen fertilization rates and cutting height in the two grow-
ing seasons and the combined analysis in the three cuts under
study.
Number of leaves
Data presented in Table 3 show that the number of leaves/m2
was statistically inﬂuenced signiﬁcant by increasing nitrogen
fertilization rates in the two growing seasons (2009 and
2010) and the combined results in all cuts except in the ﬁrst
cut and third cut in the ﬁrst season of study (2009). With
Table 3 Effect of nitrogen fertilization (N) rates and cutting height (C) on number of leaves/m2 of pearl millet during the two growing
seasons 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut
10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 695.30 546.13 620.72 368.70 275.52 322.11 232.90 206.23 219.57
30 750.95 578.08 664.52 416.98 406.58 411.78 250.00 219.45 234.73
45 814.30 728.05 771.18 494.49 482.49 488.49 267.66 265.15 266.41
60 779.63 698.88 739.26 541.38 520.78 531.08 280.23 225.98 253.11
Mean 760.05 637.79 455.39 421.34 257.70 229.20
LSD 5%
N n.s. 81.74 n.s.
C 101.76 n.s. n.s.
N \ C n.s. n.s. n.s.
Season 2010
Zero 343.70 291.20 317.45 319.27 250.00 284.64 278.10 160.05 219.08
30 595.90 566.80 581.35 388.50 320.25 354.38 252.27 240.15 246.21
45 1285.30 1082.10 1183.70 639.25 420.38 529.82 583.75 414.60 499.18
60 1348.60 688.90 1018.75 709.17 467.00 588.09 447.83 447.58 447.71
75 1418.80 913.40 1166.10 681.38 765.00 723.19 451.40 484.95 468.18
Mean 998.46 708.48 547.51 444.53 402.67 349.47
LSD 5%
N 353.91 164.15 109.34
C 179.22 80.07 n.s.
N \ C n.s. n.s. n.s.
Combined results
Zero 519.50 418.67 469.08 343.99 262.76 303.37 255.50 183.14 219.32
30 673.43 572.44 622.93 402.74 363.42 383.08 251.14 229.80 240.47
45 1049.80 905.08 977.44 566.87 451.44 509.15 425.71 339.88 382.79
60 1064.12 693.89 879.00 625.28 493.89 559.58 364.03 336.78 350.41
75 1418.80 913.40 1166.10 681.38 765.00 723.19 451.40 484.95 468.18
Mean 945.13 700.69 524.05 467.30 349.55 314.91
LSD 5%
N 178.04 99.91 59.63
C 98.07 45.66 32.97
N \ C 251.78 141.30 n.s.
n.s. = nonsigniﬁcant.
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second season of the growth and combined results during in
the ﬁrst, second, and third cuts. These increases were
267.33%, 154.07%, 113.70%, 148.59%, 138.39%, and
113.47% in the second season of growth and combined re-
sults in the three cuts, respectively, as compared with the con-
trol treatment (without addition). Saba et al. (1990), Okpara
and Omaliko (1995) and Nazir et al. (1997) came to similar
conclusion.
Data presented in Table 3 show that the number of
leaves/m2 was inﬂuenced signiﬁcantly by cutting height in
the two growing seasons; 2009 and 2010 and combined
results with exception of second and third cuts in the ﬁrst
season and third cut in the second season. At 10 cm above
the soil surface as cutting height, values of number of
leaves/m2 were greater than those of cutting height at
20 cm. These ﬁndings agree with that obtained by El-Hous-
sini and Nasser (1998).The effect of interaction between fertilization rates and
cutting height on number of leaves/m2 was not enough to
reach the 5% level of signiﬁcance during 2009 and 2010
seasons in the three cuts as shown in Table 3. On the
other hand, the number of leaves/m2 was inﬂuenced sig-
niﬁcantly as affected by the interaction between nitrogen
fertilization rates · cutting height in the ﬁrst and second
cuts of combined results, but the third cut was vice
versa.
Leaf area index. Results tabulated in Table 4 indicate that leaf
area index (LAI) was affected signiﬁcantly with adding nitro-
gen fertilizer except in the third cut of the ﬁrst season. With
increasing nitrogen application up to 60 kg N/fed, leaf area
index increased during the two growing seasons; 2009 and
2010 or/and in the combined analysis. These results were fairly
true with exception of the third cut in the ﬁrst season (2009).
These increments in LAI as nitrogen fertilization rates
Table 4 Effect of nitrogen fertilization rates (N) and cutting height (C) on leaf area index of pearl millet during the two growing
seasons 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut
10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 4.94 4.05 4.50 1.94 1.83 1.89 1.66 1.40 1.53
30 4.93 4.73 4.83 3.30 2.87 3.09 1.47 1.38 1.43
45 5.58 5.49 5.54 4.68 4.53 4.61 1.83 1.57 1.70
60 6.26 5.92 6.09 6.45 4.80 5.63 1.70 1.68 1.69
Mean 5.43 5.05 4.09 3.51 1.67 1.51
LSD 5%
N 0.84 1.69 n.s.
C n.s. 0.52 n.s.
N \ C n.s. n.s. n.s.
Season 2010
Zero 4.65 4.05 4.35 1.97 1.95 1.96 1.26 1.24 1.25
30 4.84 4.84 4.84 3.29 2.44 2.87 1.61 1.32 1.47
45 5.55 5.37 5.46 4.63 4.49 4.56 1.72 1.38 1.55
60 6.49 5.97 6.23 5.17 4.81 4.99 2.01 1.57 1.79
75 6.12 5.83 5.98 5.33 4.94 5.14 2.33 1.94 2.14
Mean 5.53 5.21 4.08 3.73 1.79 1.49
LSD 5%
N 0.99 0.80 0.29
C n.s. n.s. 0.19
N \ C n.s. n.s. n.s.
Combined results
Zero 4.80 4.05 4.42 1.96 1.89 1.92 1.46 1.32 1.39
30 4.89 4.79 4.84 3.30 2.66 2.98 1.54 1.35 1.45
45 5.57 5.43 5.50 4.66 4.51 4.58 1.78 1.48 1.63
60 6.38 5.95 6.16 5.81 4.81 5.31 1.86 1.63 1.74
75 6.12 5.83 5.98 5.33 4.94 5.14 2.33 1.94 2.14
Mean 5.55 5.21 4.21 3.76 1.79 1.54
LSD 5%
N 0.62 0.79 0.13
C n.s. 0.35 0.29
N \ C n.s. n.s. n.s.
n.s. = nonsigniﬁcant.
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number of leaves per unit area (Table 3) with increasing nitro-
gen fertilization rates. These trends are in agreement with those
obtained by Paciullo et al. (1998), Jinxing et al. (1998) and
Kathju et al. (2001).
Leaf area index inﬂuenced signiﬁcantly by cutting height
in the second cut (2009), at the third cut (2010) and at the
second and third cuts (combined data). At 10 cm from the
soil surface as cutting height, plants scored higher LAI
than those at 20 cm in the two growing seasons and com-
bined results in all cuts under study. These ﬁndings may
be owing to the increments in the number of leaves (Table
3). Similar trends were found by El-Houssini and Nasser
(1998).
Leaf area index was of pearl millet was insigniﬁcantly inﬂu-
enced by the interaction between nitrogen fertilization ratesand cutting height during the three studied cuts in the two
growing seasons and combined data (Table 4).
Leaf/stem ratio
Leaf/stem ratio was not affected by the application of nitrogen
fertilization rates, except the ﬁrst cut in combined data as
shown in Table 5.
Data in Table 5 approved the differences in Leaf/stem ratio
in the second and third cuts in (2009), and the three cuts of the
combined analysis reached the 5% level of signiﬁcance and de-
creased with increasing cut height from 10 cm to 20 cm.
Leaf/stem ratio was not signiﬁcantly inﬂuenced by the
interaction of nitrogen fertilization rates · cutting height dur-
ing the two growing seasons; 2009 and 2010 and combined re-
sults except in the combined data of the ﬁrst cut at all collected
cuts (Table 5).
Table 5 Effect of nitrogen fertilization rates (N) and cutting height (C) in leaf/stem ratio in pearl millet during the two growing
seasons 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut
10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 1.07 0.98 1.03 1.16 0.98 1.07 0.40 0.40 0.40
30 1.11 1.10 1.11 0.96 0.82 0.89 0.37 0.26 0.32
45 1.25 1.08 1.17 0.93 0.70 0.82 0.41 0.29 0.35
60 0.98 0.93 0.96 0.92 0.55 0.74 0.47 0.35 0.41
Mean 1.10 1.02 0.99 0.76 0.41 0.33
LSD 5%
N n.s. n.s. n.s.
C n.s. 0.15 0.05
N \ C n.s. n.s. n.s.
Season 2010
Zero 1.40 1.33 1.37 1.42 1.08 1.25 0.88 0.76 0.82
30 1.22 1.16 1.19 1.07 1.03 1.05 0.83 0.78 0.81
45 0.95 0.91 0.93 1.02 0.94 0.98 0.63 0.60 0.62
60 1.10 1.02 1.06 1.06 0.90 0.98 0.73 0.54 0.64
75 1.80 0.91 1.36 0.92 0.91 0.92 0.57 0.48 0.53
Mean 1.29 1.07 1.10 0.97 0.73 0.63
LSD 5%
N n.s. n.s. n.s.
C n.s. n.s. n.s.
N \ C n.s. n.s. n.s.
Combined results
Zero 1.24 1.16 1.20 1.29 1.03 1.16 0.64 0.58 0.61
30 1.17 1.13 1.15 1.02 0.93 0.97 0.60 0.52 0.56
45 1.10 1.00 1.05 0.98 0.82 0.90 0.52 0.45 0.48
60 1.04 0.98 1.01 0.99 0.73 0.86 0.60 0.45 0.52
75 1.80 0.91 1.36 0.92 0.91 0.92 0.57 0.48 0.53
Mean 1.27 1.03 1.04 0.88 0.59 0.49
LSD 5%
N 0.22 n.s. n.s.
C 0.10 0.09 0.06
N \ C 0.31 n.s. n.s.
n.s. = nonsigniﬁcant.
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Fresh forage yield
Data presented in Table 6 reveal that fresh yield/feddan of
pearl millet was statistically inﬂuenced by nitrogen fertiliza-
tion rates in the three cuts during the two growing seasons,
i.e. 2009 and 2010 and the combined results except in the
third cut for the ﬁrst season only. Generally, with increasing
nitrogen application, fresh yield/feddan increased. These
increments in fresh yield amounted to 2.94, 8.56, 9.92, and
17.63 tons/fed annually with adding 30, 45, 60, and
75 kg N/fed as compared with control treatment (zero N)
as shown in combined results. These increments in fresh
yield may be due to the increases in plant height (Table
1), number of tillers/m2 (Table 2), and number of leaves
(Table 3) as nitrogen application rates increased. Similar re-ports were obtained by Desale et al. (2000), Ayub et al.
(2007) and Bhilare et al. (2010).
Fresh yield/fed was affected signiﬁcantly by cutting height
in the second season of study and in combined results in all
cuts (Table 6). On the other hand, cutting pearl millet at
20 cm from soil surface gave the highest fresh yield in the sec-
ond and third cuts in the two studied seasons. These results
may be owing to the great number of buds which gave more
tillers and leaves. These results are in a good accordance with
those obtained by Hoveland (1960) and El-Houssini and Nas-
ser (1998).
The interaction between nitrogen fertilization rates and cut-
ting heights had signiﬁcant effect in fresh yield/fed in the ﬁrst
cut during the second season and the combined results. On the
other hand, annually fresh yield was signiﬁcantly inﬂuenced by
the interaction of nitrogen fertilization and cutting heights.
Table 6 Effect of nitrogen fertilization rates (N) and cutting height (C) on fresh forage (ton/fed) of pearl millet during the two
growing seasons 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut Total yield
10 20 Mean 10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 4.61 3.56 4.09 4.14 4.31 4.23 2.20 2.22 2.21 10.95 10.09 10.52
30 5.72 5.56 5.64 4.46 4.74 4.60 2.26 2.91 2.59 12.44 13.21 12.83
45 8.77 6.73 7.75 5.24 5.48 5.36 2.49 2.50 2.50 16.50 14.71 15.61
60 9.19 8.41 8.80 5.77 6.70 6.24 2.28 3.04 2.66 17.24 18.15 17.70
Mean 7.07 6.07 4.90 5.31 2.31 2.67 14.28 14.04
LSD 5%
N 1.49 1.40 n.s. 2.25
C n.s. n.s n.s. n.s.
N \ C n.s. n.s n.s. n.s.
Season 2010
Zero 3.82 3.24 3.53 2.63 3.56 3.10 2.06 2.62 2.34 8.51 9.42 8.97
30 5.88 5.24 5.56 4.05 4.84 4.45 2.44 2.61 2.53 12.37 12.69 12.53
45 10.04 7.75 8.90 6.15 7.54 6.85 5.02 5.48 5.25 21.21 20.77 20.99
60 10.60 7.70 9.15 5.55 8.88 7.22 4.76 5.76 5.26 20.91 22.34 21.63
75 17.25 9.60 13.43 8.90 10.18 9.54 3.92 4.88 4.40 30.07 24.66 27.37
Mean 9.52 6.71 5.46 7.00 3.64 4.27 18.61 17.98
LSD 5%
N 1.80 1.48 1.10 2.12
C 1.22 1.02 0.63 n.s.
N \ C 2.73 n.s. n.s. n.s.
Combined results
Zero 4.22 3.40 3.81 3.39 3.94 3.66 2.13 2.42 2.28 9.73 9.76 9.74
30 5.80 5.40 5.60 4.26 4.79 4.52 2.35 2.76 2.56 12.41 12.95 12.68
45 9.41 7.24 8.32 5.70 6.51 6.10 3.76 3.99 3.87 18.86 17.74 18.30
60 9.90 8.06 8.98 5.66 7.79 6.73 3.52 4.40 3.96 19.08 20.25 19.66
75 17.25 9.60 13.43 8.90 10.18 9.54 3.92 4.88 4.40 30.07 24.66 27.37
Mean 9.31 6.74 5.58 6.64 3.14 3.69 18.03 17.07
LSD 5%
N 1.07 0.99 0.59 1.25
C 0.78 0.58 0.36 n.s.
N \ C 1.51 n.s. n.s. 2.15
n.s. = nonsigniﬁcant.
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Data in Table 7 report that dry yield (ton/fed) increased signif-
icantly as nitrogen fertilization rates increased from zero up to
75 kg N/fed in the three cuts of the second season of study and
combined results as well as in the second cut of the ﬁrst season
of study. Addition of 75 kg N/fed caused annual increases in
the dry yield (1.60, 3.13, 4.06, and 6.93 ton/fed) as compared
with the control treatment (0 kg N/fed). These results may re-
gard to the increases in photosynthetic products as leaf area or
leaf weight and stem length as affected by increasing nitrogen
fertilization rates. Many investigates came to similar conclu-
sions (Singh 1999; Puri and Tiwana 2005).
Dry forage yield (ton/fed) was signiﬁcantly as affected by
cutting height during the two growing seasons, i.e. 2009 and
2010 as well as combined results in the three cuts except in
the ﬁrst cut in the ﬁrst season of study. Cutting height at10 cm scored the highest dry forage yield in the ﬁrst cut,
while cutting height at 20 cm was the best in the second
and third cuts during the two studied seasons. For annual
dry yield, signiﬁcant results were announced in the second
season of study and combined results. Herrera et al.
(1967), Abdel-Gawad et al. (1983) and Koraiem et al
(1983) came to similar results.
Interaction between nitrogen fertilization rates and cut-
ting height had signiﬁcant effect on dry forage yield/fed in
the second cut in 2009 and ﬁrst or second cuts in 2010 as
well as in combined results. In the ﬁrst cut, adding 60 or
75 kg N/fed and 10 cm as cutting height scored the highest
dry forage yield/fed. At the second and third cuts, applying
60-75 kg N/fed and cutting heights at 20 cm gave the height
dry forage yield in the two studied seasons or combined
results.
Table 7 Effect of nitrogen fertilization rates (N) and cutting height (C) on dry yield (ton/fed) of pearl millet during the two growing
seasons 2009 and 2010 and combined results.
kg N/fed Cutting height (cm)
1st Cut 2nd Cut 3rd Cut Total yield
10 20 Mean 10 20 Mean 10 20 Mean 10 20 Mean
Season 2009
Zero 2.49 1.81 2.15 0.67 0.95 0.81 0.78 0.83 0.81 3.94 3.59 3.77
30 2.85 2.63 2.74 1.49 1.65 1.57 0.81 1.20 1.01 5.15 5.48 5.32
45 3.00 2.80 2.90 1.48 2.01 1.75 0.87 1.08 0.98 5.35 5.89 5.62
60 3.44 3.02 3.23 1.87 3.33 2.60 0.83 1.19 1.01 6.14 7.54 6.84
Mean 2.95 2.57 1.38 1.99 0.82 1.08 5.15 5.63
LSD 5%
N n.s. 0.82 n.s. 1.68
C n.s. 0.34 0.22 n.s.
N \ C n.s. 0.67 n.s. n.s.
Season 2010
Zero 2.42 1.65 2.04 0.80 1.02 0.91 0.74 0.95 0.85 3.96 3.62 3.79
30 2.93 2.58 2.76 1.47 1.58 1.53 0.79 1.54 1.17 5.19 5.70 5.45
45 3.65 3.53 3.59 1.75 2.92 2.34 1.89 2.65 2.27 7.29 9.10 8.20
60 3.53 3.44 3.49 1.94 4.43 3.19 1.93 2.39 2.16 7.40 10.26 8.83
75 6.32 3.18 4.75 2.88 5.44 4.16 1.42 2.18 1.80 10.62 10.80 10.71
Mean 3.77 2.88 1.77 3.08 1.35 1.94 6.89 7.90
LSD 5%
N 0.54 0.55 0.46 0.71
C 0.43 0..38 0.28 0.60
N \ C 0.97 0.86 n.s. 1.00
Combined results
Zero 2.46 1.73 2.09 0.74 0.99 0.86 0.76 0.89 0.83 3.95 3.61 3.78
30 2.89 2.61 2.75 1.48 1.62 1.55 0.80 1.37 1.09 5.17 5.59 5.38
45 3.33 3.17 3.25 1.62 2.47 2.04 1.38 1.87 1.62 6.32 7.50 6.91
60 3.49 3.23 3.36 1.91 3.88 2.89 1.38 1.79 1.59 6.77 8.90 7.84
75 6.32 3.18 4.75 2.88 5.44 4.16 1.42 2.18 1.80 10.62 10.80 10.71
Mean 3.70 2.78 1.72 2.88 1.15 1.62 6.57 7.28
LSD 5%
N 0.52 0.44 0.26 0.77
C 0.31 0.24 0.16 0.41
N \ C 0.73 0.63 n.s. 1.08
n.s. = nonsigniﬁcant.
Response of growth and forage yield of pearl millet (Pennisetum galucum) to nitrogen fertilization 161References
Abdel-Gawad, A.A., El-Tabbakh, A.E., Reiad, M.Sh., Shehata, A.M.,
Ahmed, M.K., 1983. Response of yield and chemical content of
some sorghum cultivars to different clipping heights. Egypt. J.
Agron. 8 (1–2), 107–110.
Ayub, M., Athar Nadeem, M., Tahir, M., Ibrahim, M., Aslam, M.N.,
2009. Effect of nitrogen application and harvesting intervals on
forage yield and quality of pearl millet (Pennisetum americanum L).
Pak. J. Life Soc. Sci. 7 (2), 185–189.
Ayub, M., Nadeem, M.A., Tanveer, A., Tahir, M., Khan, R.M.A.,
2007. Interactive effect of different nitrogen levels and seeding rates
on fodder yield and quality of pearl millet. Pak. J. Agri. Sci. 44 (4),
592–596.
Bacci, L., Cantini, C., Pierini, F., Maracchi, G., Reyniers, F.N., 1999.
Effects of sowing date and nitrogen fertilization on growth,
development and yield of a short day cultivar of millet (Pennisetum
glaucum L.) in Mali. Eur. J. Agron. 10, 9–21.
Bhilare, R.L., Pathan, S.H., Damame, S.V., 2010. Response of forage
pearl millet varieties to different nitrogen levels under rainfed
condition. J. Maharashtra Agric. Univ. 35 (2), 304–306.Creel, R.J., Fribourg, H.A., 1981. Interaction between forage sorghum
cultivars and defoliation managements. Agron. J. 73, 463–469.
Desale, J.S., Bhilare, R.L., Pathan, S.H., Babar, R.M., 2000. Response
of multicut fodder bajra varieties to nitrogen fertilizer levels. J.
Maharashtra Agric. Univ. 25 (1), 74–75.
El-Houssini, A.A., Zeinab M. Nasser, 1998. Growth and forage yield
of pearl millet (Pennisetum glaucum) as affected by some crop
management treatments. In: Proceedings of 8th Conference Agron,
Suez Canal Univ. Ismailia, Egypt, 28–29 November, p. 400–407.
El-Sarag, Eman.I., Abu Hashem, G.M., 2009. Effect of irrigation
intervals and nitrogen rates on forage sorghum under north Sinai
conditions. Zagazig J. Agric. Res. 36 (1), 19–39.
El-tilib, A.Ma., Hag, T.E.M., Karim, A.H.E.L, Ali, S.A.M., 2006.
Effect of nitrogen and phosphatic fertilizers on performance of
rainfall pearl millet grown on clay loam soil. Arab Univ. J. Agric.
Sci. 14 (1), 195–203.
Habib, G., Akmal, M., Luqman, Z., Ahmed, N., 2007. Biomass
production and fed quality of three summer fodder species plant
under two (N) levels. Sarhad J. Agric. 32 (4), 1145–1149.
Hassan, Hend.H.M., Zeidan, E.M., Ramadan, I.E., Geweifel, H.G.,
2008. Effect of sowing data, planting density and nitrogen
162 M.G. Shahin et al.fertilization on forage yield and quality of fodder maize. Zagazig J.
Agric. Res. 35 (6), 1281–1299.
Hegde, R., Devaraja, M., Gumaste, S., 2006. Effect of stage harvesting
of seed crop, nitrogen and phosphorus levels on the forage yield
and ratoon ability of forage pearl millet (Pennisetum galucum). Ind.
Agric. Res. 40 (3), 232–234.
Herrera, P.G., Bernal, E.J., Lotero, C.J., 1967. Height of cutting
elephant grass. Agric. Trop. 23 (8), 521–527.
Hoveland, C.S., 1960. Defoliation of oats and pearl millet as related to
herbage yield. Diss. Abst., No. 1, 20, 17(Univ. Florida,
Gainesville).
Jinxing, C., GuoPing, Z., GuoPing, Z., 1998. Effect of different plant
densities and nitrogen fertilizer rates on yield and quality of hybrid
Pennisetum [Chinese]. J. Zhejiang Agric. Univ. 24 (2), 185–188.
Kathju, S., Burman, U., Garg, B.K., 2001. Inﬂuence of nitrogen
fertilization on water relations, photosynthesis, carbohydrate and
nitrogen metabolism of diverse pearl millet genotypes under arid
conditions. J. Agric. Sci. Cambridge 137, 307–318.
Koraiem, Y.S., Hassan, M.Th., Shalaby, A.A., Soliman, S.M., Sami,
G., 1983. Effect of cutting intervals and height of cutting on forage
yield and quality of Napier grass (Pennisetum purpureum, Schum.).
Proc. 1st Conf. Agron., Egyptian Soc. of Crop Sci 2, 239–244.
Lakhana, R.C., Gpute, A.K., Shivran, A.C., Shivran, P.K., 2005. Role
of thiourea in improving the dry matter partitioning yield and
quality of pearl millet. Ann. Agric. Res. 26 (2), 218–223.
Manohar, S.S., Singh, G.D., Rathore, P.S., 1991. Effect of nitrogen
phosphorus and zinc levels on quality parameters of fodder pearl
millet (Pennisetum glaucum). Indian J. Agron. 36 (3), 448–450.
Mesquita, E.E., Pinto, J.C., 2000. Nitrogen levels and sowing methods
on forage yield produced after harvesting of millet seed (Pennisetum
glaucum (L.) R. Br.). [Portuguese]. Revista Brasileira de Zootecnia
29 (4), 971–977.
Mousa, M.E., 1991. Forage yield of pearl millet (Pennisetum typhoides)
as affected by row spacing and N fertilizer. Zagazig J. Agric. Res.
18 (2), 707–721.
Myandoab, M.P., Ghaleh, S.S., Mansoub, N.H., 2011. Study on yield
and some physiological criteria of pearl millet under effect of
drought stress and nitrogen fertilizer. J. Appl. Environ. Biol. Sci. 1
(12), 569–571.
Nazir, M.S., Shaﬁq, H.M., Saeed, M., Jabbar, A., 1997. Integrated
nitrogen management with planting Geometry for Multicut hybrid
sorghum. Pak. J. Agric. Sci. 34 (1–4), 65–69.Okpara, D.A., Omaliko, C.P.E., 1995. Forage millet response to
irrigation and nitrogen fertilization in the derived savanna zone of
Nigeria. Ghana J. Agric. Sci. 28–29, 37–43.
Paciullo, D.S.C., Gomide, J.A., Ribeiro, K.G., 1998. Nitrogen
fertilizer use on elephant grass cv. Mott.1. Forage yield and
morphophysiological characteristics at heights of 80 and 120 cm
[Portuguese]. Brasileira de Zootecnia 27 (6), 1069–1075.
Pathan, S.H., Bhilare, R.L., 2009. Growth parameters and seed yield
of forage pearl millet varieties as inﬂuenced by nitrogen levels. J.
Maharashtra Agric. Univ. 34 (1), 101–102.
Pathan, S.H., Bhilare, R.L., Damame, S.V., 2010. Seed yield of forage
pearl millet varieties as inﬂuenced by nitrogen levels under rainfed
condition. J. Maharashtra Agric. Univ. 35 (2), 306–308.
Piri, I., Tavassoli, A., 2012. Determining the best management of
nitrogen fertilizer consumption and harvest time of forage yield of
pearl millet (Pennisetum glacum) in Shirvan region. African J.
Microbiol. Res. 6 (10), 2287–2293.
Puri, K.P., Tiwana, U.S., 2005. Response of pearl millet varieties to
nitrogen levels under irrigated conditions. Range Manage Agro-
forest. 26 (2), 124–126.
Saba, M.F.A., Ewies, E.O., El-Kady, A.M., Bashir, M.I., 1990. Effect
of different levels and modes of nitrogen application on growth and
yield of two grain sorghum cultivars. Egypt J. Appl. Sci. 5 (2), 226–
237.
Sharma, P.K., Yadav, G.L., Fageria, V.D., Sudesh, K., Sharma, B.L.,
1999. Response of pearl millet (Pennisetum glaucum) varieties to
different levels of nitrogen under late-sown rainfed condition.
Indian J. Agron. 44 (4), 765–767.
Singh, K.A., 1999. Effect of nitrogen levels on yield, root biomass
distribution, nitrogen recovery by forage grasses and changes in soil
properties of acid Inceptisol. Indian J. Agric. Sci. 69 (8), 551–
554.
Snedecer, G.W., Cochran, W.G., 1967. Statistical Methods. Univ
Press, Iowa State, p. 189.
Tiwana, U.S., Puri, K.P., Singh, Sukhpreet, 2003. Fodder yield and
quality of multicut pearl millet (Pennisetum glaucum) as inﬂuenced
by nitrogen and phosphorus under Punjab conditions. Forage Res.
28 (4), 190–193.
Verna, O.P., Pareek, R.G., Palsaniya, D.R., 2006. Effect of nitrogen
and mulching on growth and yield of pearl millet. Ann. Agric. Res.
27 (1), 39–95.
